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We, Princeton Chemical Research 
inc., a Corporation organised and existing 
under the laws of the State of New Jersey! 
United States of America, of P.O. Box 652 
Princeton, State of New Jersey, United States 
oi America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed to be particularly des- 
cribed in and by the following statement* — 

This invention relates to the catalytic con- 
version of ethane to vinyl chloride. 

Vinyl chloride may be produced by a cata- 
lytic reaction involving acetylene and hydro- 
gen chloride, or by the pyrolyzation of 
ethylene^ dichloride which, in turn, may be 
produced by reaction of ethylene and chlo- 
rine. 

It has also been proposed to produce vinyl 
chloride by the oxychlorination of ethane with 
the use of a Deacon-type catalyst, and notably 
a copper chloride catalyst deposited on a 
support These catalysts, however, generally 
have but a limited life at the required reac- 
tion temperatures and the yield of vinyl chlo- 
ride under the reaction conditions tauriit is 
relatively low. 

It has furthermore been proposed to dehy- 
dr °gf nate saturated hydrocarbons or chlori- 
nated saturated hydrocarbons using various 
types of dehydrogenating catalysts and small 
quantities of hydrogen chloride, and the chlo- 
nnation of unsaturated hydrocarbons, such 
as olefins, is, of course, known. 
a 2? conditions which favour the 

dehydrogenation, however, generally do not 
favour the chlonnation and vice versa. Fur- 
thermore, a chlorination reaction generally 
proceeds with the formation of substantial 
quantities of polychlorinated products. 
• An object of this invention is an improved 
catalytic process for the conversion of ethane 
with a high yield of vinyl chloride. 

We have discovered that ethane may be 
effectively converted to vinyl chloride in a 



catalytic oxidation reaction if steam, available 
chlorine and oxygen are used in specific con- 
trolled ratios. 

This invention provides a process for the 
catalytic conversion of ethane to vinyl chlo- 
ride which comprises reacting a mixture of 
ethane, available chlorine and oxygen at a 
temperature between 500 and 750°C 
(preferably between 500 and 675°C) in the 
presence of added, water and an oxidation 
catalyst, said available chlorine being added 
in amount of at least one gram atom per 
mole of ethane and per mole, of oxygen, and 
said water being added in amount of at least 
2 moles per mole of ethane. 

The chlorine is usually added in the form 
of hydrogen chloride. However, die chlorine 
can be intoduced to the reaction zone as, 
for example, Q 2 or as ethylene dichloride, 
or as any mixture thereof with each other 
and/or HQ. As will be seen hereafter one 
process of the invention involves recycling 
a product stream: of ethylene dichloride. As 
mentioned, at least 1 gram atom of chlorine 
per mole of ethane must be utilized with the 
amount of chlorine generally ranging between 
1 and 7.5 gram atoms of chlorine per mole 
of ethane, and preferably 1.5 to 5 gram atoms 
of chlorine per mole of ethane. 

When describing the ratios discussed here- 
inbefore, the chlorine is chlorine which is 
considered to be available for the oxychlo- 
rination reaction. All of the chlorine from 
HQ and Cl 2 is, of course, available but 
only one atom per molecule is considered to 
be available from introduced ethylene di- 
chloride. As used in the claims, the term 
"available chlorine" includes only one atom 
of chlorine per molecule of ethylene dichlo- 
ride. 

The oxygen is conveniently added in the 
form of air though more concentrated ele- 
mental oxygen may be used and should 
generally be present in amount of from 0.5 
to 6 moles of oxygen per mole of ethane, 
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though as mentioned, it is important that the 
upper limit of amount of oxygen be con- 
trolled in relationship to the amount of 
chlorine, so that the ratio of oxygen to avail- 

5 able chlorine defined above is not exceeded. 
As catalysts operative in the process of the 
invention there can be mentioned particularly 
the inorganic oxygen-containing compounds 
of multivalent metals. Included among such 

10 compounds are not only simple oxides but 
also oxy chlorides. Hie catalysts can be ini- 
tially introduced in the form of oxygen- 
containing compounds, such as carbonates, 
nitrates, phosphates and hydroxides, and thus 

15 inorganic compounds resulting from this form 
of introduction may also be present in the 
reaction zone. Thus, for example, metal phos- 
phates may be present in the reaction zone 
when the catalyst is charged, for example as 

20 iron phosphate. As used in the claims a 
" multivalent metal oxide " not only includes 
simple oxides and oxychiorides, but more 
complex inorganic oxygen containing com- 
pounds including those which may be formed 

25 in situ, as for example from such inorganic 
compounds containing combined oxygen. 

A large group of such multivalent metals 
suitable for making the catalysts useful in 
accordance with the invention include muiti- 

30 valent metals selected from Groups IVB, 
VB, VIB, VIIB, Vm, IVA, VA, and VIA, 
and the lanthanide series. As examples of 
such multivalent metals there may be espe- 



cially mentioned, iron, cerium, manganese, 
uranium, vanadium, nickel, chromium and 35 
cobalt or any combinations thereof. 

To the multivalent oxide catalyst compo- 
nents mentioned above there can be added 
promoters, such as inorganic compounds of 
Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Zn, 40 
Cd, B, In, P and TL 

The oxidation catalyst is one of the known 
oxidation catalysts, for example one of 
those which are formed from a multivalent 
metal. It now appears that the most suitable 45 
such oxidation catalysts probably exist in the 
reaction zone in a form in which both oxygen 
and chlorine are bound. 

Catalysts and notably the multivalent metal 
oxides are often used on a carrier as for 50 
example, aluminium oxide, silicon carbide, 
quartz, Vycor (Registered Trade Mark), 
pumice, silica gel or mullite. The catalyst 
may also be prepared unsupported by the 
use of pelleting techniques. The oxides form- 55 
ing the catalyst may be deposited on the 
carrier from a soluble salt, such as a nitrate 
of the element in question as for example, 
ferric nitrate and lithium nitrate may be 
added to water and the catalyst support is 60 
immersed in the aqueous mixture which is 
brought to its boiling point. Heating is conti- 
nued until the nitrates are decomposed and 
the water is evaporated. An overall reaction 
for the decomposition may be written: 65 



2Fe(N0 3 ) 3 Fe 2 0 3 +6N0 2 +3/2 0 2 

UN0 3 Ii 2 0+21jr0 2 +I/2 0 2 



During this process the catalysts are depo- 
sited on the carrier which is then ready for 
use such as in a fixed bed reactor. Other 
forms of catalysts and methods of contacting 

70 the reactants therewith can be employed, 
such as fluidized bed techniques, using a 
finely divided catalyst or a gravity-flowing 
bed of catalyst particles. The contact time 
between the reactants and the catalyst under 

7f> the reaction conditions may vary from 0.1 to 
10 seconds. In some instances at least one 
of the catalyst components may be in a 
molten state, such as when an appreciable 
amount of lithium chloride is employed at 

80 the higher reaction temperatures. 

The promoter compounds, such as the 
oxides, can be added in well known manner, 
as for example by adding a soluble salt which 
is decomposed and converted to the oxide, 

85- as indicated above. Other techniques, such 
as impregnation, may also be used. The rela- 
tive weight ratio between the promoter and 
the multivalent oxide component may vary 
within extremely wide limits and amounts 

90 • as low as 1% by weight have been found 
effective. Alternatively, the promoters may 



constitute the predominant weight portion of 
the catalyst. 

A preferred catalyst in accordance with 
the invention is iron oxide which may be 95 
used per se as the multivalent metal oxide, 
or which may be used in combination with 
other multivalent metal oxides or compounds. 
The iron oxide is advantageously promoted 
with a promoter as set forth above and espe- 100 
daily lithium oxide or lithium chloride. 

Cerium and manganese metal oxides may 
also be mentioned as good oxidation cata- 
lysts. 

While it has been proposed to utilize steam 105 
as a coolant and/or diluent, in certain dehy- 
drogenation reactions the use of water in 
accordance with our process in the amounts 
specified serves as an active and essential 
component controlling the reaction. It is be- 110 
lieved that among other things the water con- 
trols the amount of metal chloride which 
may form on the catalyst surface thus main- 
taining a long catalyst life and controlling 
the catalyst activity so as to favour the 115 
desired dual reaction. The preferred amount 
of added water ranges between 2 and 20 
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moles per mole of ethane. 

The water is, of course, converted to steam 

^ n{ L 6 ^ J 0n 311(1 mav be initially in- 
troduced in liquid, solid or vapour form 

it has been found that die use of the added 

water in amount specified herein enables one 

to charge any of the catalysts, if desired, in 

die form of a volatile cMoride,lucfa 2 

Fea 3 , because it has been found that the 

water in such amount in the reaction zone 

oxidized state which is not readily volatile 
More important, in contrast to prior art pro^ 
cesses, the use of water in the amount spect 
^.J^ Vent \ the aversion of the oxidation 
^telysts, such a S the iron oxide, to a volatile 
chloride which is rapidly lost from the reac- 
tion zone. 

c.ZlL/ 63 '? 0 ? may be effected at normal, 
sub-atmospheric or super-atmospheric pres- 

T a^ fM ^ Xan,ple ' P*^ ranging* up 
to 400 pounds per square inch absolute, 
though pressures between 50 and 250 pounds 
persquare inch absolute are advantageous. 
tnZ^ i. hydro ee n chlorine or mix- 

lEL^L™ P 1 ? 1 "*^ added with the 
reactant feed as is the oxygen-containing 
gas. If desired a portion of this gas if 
chlorme-contaming gas and/or the oxyeek- 
contauung gas may be injected into the reac- 
tor at a position downstream from the point 
of ^traduction of the ethane feed. Similarly, 
the ethane feed may be split into severe 
streams. 

In addition to vinyl chloride, ethylene is 
produced as a product This ethylene may be 

reSu M * 3 purit y material which 
is suitable for polymer production or for 
other requirements. 

In addition to the vinyle chloride and 
ethylene, ethyl chloride, methyl chloride, 
acetylene and carbon oxides may be pro- 
t. ced .af byproducts. The ethyl chloride may 

b 7 reCy ? kd t0 ^ P^ess and the 
acetylene may be selectively hydrogenated 
IW*. 1 " OTder » improve the overall 
yield of ethylene, or may be removed, for 
example, by absorption with cuprous ammo- 
nium hydroxide. 

,K f i "l,* 8 .? 88 *? 1 t0 increase the yield of 
ethyl chlonde with respect to the vinyl chlo- 
ride yield, this may be achieved by a lower- 
ing of the temperature and in general a 
temperature about 50 to 100°C below the 
optimum vinyl chloride operating tempera- 
ture will increase the ethyl chloride yield 

As mentioned, the ethyl chloride may be 
recycled to the process for conversion to 
vinyl chloride and the main portion of the 
reactor feed may constitute ethyl chloride. 
When using higher quantities of ethyl chlo- 
nde in the feed, in general a slighdy lower 
reaction temperature shoul be used than when 
utdizing ethane alone. 
In accordance with a further embodiment 
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°l^l^° n ' * e ethyIene Produced in the 
reaction after separation from the vinyl chlo- 
nde may be convened to ethyl chloride or 
ethylene dichloride and recycled Sfc pro- 
cess in order to increase the vinyl chloride 70 
yield. In accordance with one mode of opera- 

^«2 ie J' r0du ? ff^.from the reactor is 
treated in an absorber with a suitable solvent 

^' ea T 7 , °* chJorinated hydrocarbons 
and toe residual gas containing dilute ethy- 75 

ST -a ^^nnated to yield ethylene di- 

2 hSyS^ ,s separated by distajation 

rJ^ K ^ecificaily the reactor stream is 
cooled and water and hydrogen chloride re- 80 
moved by condensation. Residual hydrogen 
chlonde and carbon dioxide are removed by 
scrubbing with alkaline solutions such as 
ethanolamines, NH, or carbonates. Then the 

?. ^P^ and scrubbed for 85 
removal of chlorinated hydrocarbons. Dichlo- 
^7 • tnc Woroethyiene, tetrachloro- 
ethane and other solvents are suitable. 
Absorption at about 50-100 psi and near 
lT* re ™" Ue conditions for vinyl chloride 90 
removal. The solvent is then pumped to 
a stripping tower where the chlorinated pro- 

ThfJS* f? 0 ^ b 7 he ating the solvent. 
Hie stripped solvent is cooled and recycled 
to the absorber. The chlorinated products are 95 . 
separated and purified in a series of distil 

k^ WCrS -- r ?, * e , tower chloride 
bottoms suitable for recycle to the main 
reactor are produced. Mixed overhead of 
yinyl chlonde and methyl chloride is separa- 100 
ted in the second tower. Vinyl chloride bot- 
toms are produced, suitable for addition puri- 
ncatton, inhibition and storage. 

The effiylene-containing stream which 
leaves the chlorinated hydrocarbon scrubber 105 
is reacted to yield ethylene dichloride. When 
chlorine is available, this reaction is con- 
venientiy conducted at 25-40°C in a liquid 
solvent such as ethylene dichloride with FeCl, 
catalyst. Alternately, the chlorination may be 110 
conducted in the vapour phase at 100-200°C 
using a variety of catalysts including Fe.O, 

In the absence of chlorine, hydrogen "chlo- 
ride may be reacted in die presence of oxygen 
with the ethylene stream over an oxychlori- 115 
nation catalyst, such as copper chloride or 
potassium chloride to yield ethylene dichlo- 
ride. Temperature from 250 to 450°C. may 

• ff d - JL ixed and fluid bed reactors arc 
suitable When oxychlorination is practiced, 120 
residual traces of hydrogen chloride are re- 
moved by washing. 

The crude ethylene dichloride is readily 
condensed and separated from the diluents 
(nitrogen, traces of methane, etc.). It is puri- 125 
hed by distillation and may be recycled to 
the mam reactor with ethane feed, hydrogen 
chlonde (or chlorine), water, oxygen-contain- 
ing gas and any recycle ethyl chloride. In 
the reactor at 500 to about 675°G, ethane 130 
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is converted to vinyl chloride and ethylene, 
and ethylene dichloride is pyrolyzed to vinyl 
chloride and hydrogen chloride. This hydro- 
gen chloride conveniently serves as a source 

5 of chlorine for the catalytic reaction of ethane 
to vinyl chloride. 

The ratio of ethane to recycle ethylene di- 
chloride may vary over a very wide range. 
Thus as litde as 1 mole of ethane for every 

10 10 moles of recycle ethylene dichloride may 
be fed to the main reactor. As much as 
10 or more moles of ethane may be fed for 
each mole of recycle ethylene dichloride. 
Alternately, if an ethylene dichloride pyrolysis 

15 unit is available, the ethylene dichloride 
may be pyrolyzed separately and the hydro- 
gen chloride may be recycled to the main 
reactor. However, it is advantageous to con- 
duct the pyrolysis in the main reactor to 

20. avoid the need for recycling the hydrogen 
chloride separately. An added advantage is 
that the pyrolysis reaction of ethylene di- 
chloride is endothermic and consequendy a 
reduction in the overall exothermic nature 

25 of the reaction is effected. 

In accordance with another mode of opera- 
tion the product stream from the reactor may 
be treated to remove residual HQ, the vinyl 
chloride and other chlorinated hydrocarbons 

30 are removed by absorption utilizing a suit- 
able solvent and the residual ethylene-con- 
taining gas is treated for water removal. 
Hydrogen chloride is then added to bring 
the hydrogen chloride: ethylene ratio near 1, 

35 and the ethylene is hydrochlorinated to ethyl 
chloride, the ethyl chloride recovered and 
recycled to the process. 

More specifically the condensation of 
water and hydrogen chloride, the removal of 

40 carbon dioxide and the recovery and puri- 
fication of chlorinated products may be effec- 
ted in the manner described above in connec- 
tion thereof with the conversion of ethylene 
to ethylene dichloride and the recycling. 

45 The ethylene-containing stream from the 
stripper is dried and compressed with a 
slight excess of hydrogen chloride to about 
75-300 psi and reacted over one or more 
of a variety of catalysts at 100-250°C. to 

50 yield ethyl chloride. Among the catalysts 
which are useful are zinc and copper chlo- 
rides, zinc chloride on charcoal, ferric chlo- 
ride impregnated supports as well as a 
variety of other catalysts. With some classes 

55 of catalysts complete drying of the reactor 
feed gases is to be avoided. 10-20% moisture 
in the feed enhances the stability of these 
catalvsts. 

Ediyl chloride is recovered from the reac- 
60 tor product; it is freed of light boilers and 
purified in a train of distillation columns. 
Purified ethyl chloride is pumped to the 
main reactor and introduced with make-up 
ethane. It is also feasible to conduct the 
65 main reaction, conversion of ethane, as well 



as ethyl chloride, to vinyl chloride, under 
pressure, up to 400 psi. 

It is also possible to cool the product 
stream from the reaction in accordance with 
the invention and to pass the same into a 70 
cbiorination reactor where chlorine is selec- 
tively added to the ethylene with little chlo- 
rination of vinyl chloride occurring. Chlorine 
adds to ethylene in high yields over catalysis 
such as iron or copper-containing catalysts, 75 
producing ethylene dichloride which may be 
readily pyrolyzed to yield vinyl chloride. 
The ediylene dichloride produced by the 
cbiorination reaction of the ethylene may be 
readily separated from the gas mixture due 80 
to its high boiling point and serves as a 
source of both vinyl chloride and hydrogen 
chloride in the main reactor to which it may 
be recycled. 

In any even, where the dichlonnated pro- 85 
duct is recycled this may be utilized as at 
least a partial source of the hydrogen chlo- 
ride for the main reaction in accordance with 
the invention. 

The following Examples are given by way 90 
of illustration. 

Example 1 

Aluminium oxide (Alundum— Registered 
Trade Mark' pellets (1/8") were soaked in 
concentrated hydrochloric acid overnight, 95 
then washed with distilled water and dried 
at 105°C. 49.5 g. cerium nitrate Ce(N0 3 ).v- 
6H.O, with 1.84 g lithium hydroxide mono- 
hydrate were added to 100 ml distilled water 
in an 800 ml beaker. A charge of 115 g of 100 
acid-washed Alundum was added. The solu- 
tion was heated and heating was continued 
to dryness with stirring. The Alundum pel- 
lets were light yellow coloured and con- 
tained 14.4 C / actives. Catalyst composition 105 
was calculated to be 98% CeO L .-2 c / Li.O. 

The catalyst was charged in the form of a 
fixed bed to a height of 30 cm. in a reactor 
tube having a 25 mm diameter made of 
Silica glass (Corning Glass Works "Vycor" 110 
—Registered Trade Mark). The reactor tube 
was mounted in a combustion tube furnace 
(Hevi-Duty Electric Company). The furnace 
consists of several electrical heating elements 
mounted so as to surround a central tubular 115 
reactor. The temperature of the catalyst bed 
was measured by use of an axial thermowell 
and thermocouple which was connected to a 
Pyr-O-Vane Temperature Controller (Min- 
neapolis-Honeywell Regulator Company). 120 
The controller served to reduce the heat in- 
put to tie furnace whenever the control tem- 
perature was exceeded. 

Feed gases were fed to the system from 
gas cylinders. Flow rates were measured bv 125 
used of capillary flow meters. Ethane, CHI, 
air, and steam were passed through the tube 
at normal pressure. Flow rate of ethane was 
025 mole/hr. 
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Feed Mo/ flaa'o 






% Selectivity 
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Ha o 2 C 2 H 6 
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vkyi co+ 

Guoride Ethylene C0 2 


Ethyl- 
Chloride 


600 
650 


3 1 1 

2 2 1 

3 2 1 
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2.5 
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91.1 

99.9 
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4.3 
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Example 3 

Using the catalyst of Exampie 2, oxygen S Bl£ft SrSttf 
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2 2 
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Example 4 
Catalysts containing manganese oxide were 
prepared from manganous nitrate solution 
using 1/8" diameter Alundum particles. In 
one case, cadmium nitrate was added to the 
manganous solution before evaporation and below: 
— • tf the catalyst particles. The black 



catalyst particles contained 20% actives and 
were fired at 650°C in a muffle furnace be- 
fore testing. These catalysts were evaluated 
using the equipment and techniques des- 
cribed in Example 1. Results are tabulated 



Catalyst 



Table 4 

% Selectivity to 
o C % C 2 H 6 Vinyl 

Temp. HQ - O* -CJVHoO Conv. Chloride Ethylene 



10 



Mn 2 0 8 - Alundum 



95% Mn 2 0 3 - 
5% Cdo- Alundum 



500 
500 



1 



10 
10 



32.5 
722 



28.3 
28.3 



41.6 



24.8 



Example 5 chloride and steam (mole ratios relative to 

15 To demonstrate that ethyl chloride is suit- ethyl chloride were 1, 1, and 10, respec- 

able for recycling to the oxidative dehydro- tively). Ethyl chloride feed rate was 0.5 

&nJon ^cess reactor, the Mowing expe- moles/hr The experiment arrangement was 

riment was conducted. Ethyl chloride was as described in Example 1. 
reacted in the presence of oxygen, hydrogen Typical results were as follows: 



Catalyst 



Table 5 

Feed Mole Ratio 



'C. 



% Vinyl 



Temp. HQ - 0 2 - H 2 0 - EtCl Chloride Yield 



20 



25 



Ce0 2 (97%>Ii 2 0(3%) 
on Alundum 

10 Mn 2 03.Ce0 2 on 
Alundum 

Ain 2 O a (97%>Li 2 0(3%) 
Fe 2 O a (95%)-Li 2 0(5%) 



600 

600 
600 
650 



1 
1 

2 



1 
1 
2 



15 

10 
10 
10* 



50.0 

41.0 
38.9 
54 



♦In this run ethyl chloride rate was 0.25 moles/hr.; air was the source of oxygen; 
the diluent was 7.5 moles N 2 +2.5 mole H a O. 

Example 6 was used as the source of oxygen Several 

The catalyst of Example 2 was evaluated performance values are tabulated below: 30 
in the manner described in Example 1. Air 
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Feed Mole Ratio 

Temp. " — 

°C. HQ - 0 2 -C 2 H c -H«0+N 2 Conv 



% QjHa 



% Selectivity 
Chloride Chloride 
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1 


1 


1 


10 


67 


62 
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2 
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10 


81 


30 


14 
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Example 7 

Aluminium oxide (Alundum) pellets 
(1/8") were soaked in concentrated hydro- 
chloric acid overnight, then washed with dis- 
stilled water and dried at 105°C 48.4 g 
cerium nitrate (Ce(N0 3 ) 3 .6H 2 0, with 1.40 e 
lithium hydroxide (LiOH.H 2 0) were added 
to 100 ml distilled water in an 800 ml beaker. 
A charge of 115 g of acid washed Alundum 
was added. The solution was heated. Heating 
was continued to dryness with stirring. The 
Alundum pellets were light yellow coloured 
and were found to contain 19.6% actives. 

Ethyl chloride was reacted in the presence 
of oxygen, hydrogen chloride and steam 
(mole ratios relative to ethyl chloride were 
1, 1, and 10 respectively) in the arrange- 
ment described in Example 1 at a tempera- 
ture of 550°C, using the catalyst described 
above. Conversion and selectivity values were 
89 and 46% (vinyl chloride), respectively. 

Example 8 
Using a Fe 2 0 3 -Li 2 0 catalyst prepared as 



noted in Example 2, the oxidative dehydro- 
genation of ethane was conducted in a man- 25 
ner similarly to that described in Example 1 
Instead of hydrogen chloride, chlorine was 
used. Feed mol ratios for chlorine-oxygen- 
ethane-nitrogen plus steam were 1.5-2-1-10 
re^ectively. At a temperature of 600°C, 30 
100 /o conversion of ethane resulted with a 
33 / 0 selectivity value to vinyl chloride. Selec- 
tivity to ethylene was 32.6%. 

Example 9 

Using a 22 actives catalyst of composition 35 
Fe 2 O 3 (95%>Li 2 0(5%) prepared in a manner 
similar to that detailed in Example 2, and 
having a surface area of 3.7 mVgr, ethane 
was converted to vinyl chloride at 650°C 
using a feed of ethane-Ha-0 2 -N 2 +fLO 40 
(mole feed ratios of 1-3-2-10). Air feed "in 
one instance was introduced with the other 
components at the entrance of the reactor* 
in the second situation, half of the air was 
injected into the bed at the mid depth. 45 
Results were as follows: 



Table 7 



Air Feed 



% C 2 H 0 
Conv. 



% Selectivity 



Vinyl CO+ 

Chloride EtCl C0 2 Ethylene 



50 



Normal 
Split 



100 
100 



38.0 
44.3 



Example 10 

A catalyst containing 14% Feo0 3 was pre- 
pared by the evaporation of a Fe(N0 3 ) a 
solution with 1/8" diameter Alundum. The 
catalyst had a surface area 8.9 m 2 /gr. 

This catalyst was used in an attempt to 



3.5 
0.5 



21.8 
19.8 



31.7 
30.5 



convert ethane to vinyl chloride in the reactor 
of Example 1. At 650°C, using mole feed 
ratios of HCl-0 2 -N 2 -ethane of 5-3-114-1 
respectively, with 0, 3 or 7.6 moles of steam 
the following results were obtained: 



55 



Table 8 



% Selectivity 



% C H 

H 2 O/C 2 H 0 Level Conv! ° 



Vinyl 
Chloride 



EtCl 



CO+ 

co 2 



Ethylene 



60 



0 
3 

7.6 



Operation was not stable without steam 
98.4 43.7 4.8 6.8 42.8 

100 48.2 9.3 11.1 26.2 



In the run without the steam, the operation 
was unstable since iron chloride continually 
formed and migrated through and from the 
reaction zone. This effect was prevented in 
the runs with added steam. While the several 



beneficial effects of added steam are not all 
understood, it is believed that it also aids 
in keeping the catalyst free from coke, and 
that it keeps the iron in a more oxidized 
state. It will be noted that the run with 7.6 
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moles of steam gave a higher yield or selec- 
tivity of vinyl chloride, as well as a slightly 
higher conversion. 

Example 11 

5 The conversion of ethane to vinyl chlo- 
ride with ethylene recycle as ethylene di- 
chloride was effected in a continuous opera- 
tion. The main reactor was 8 feet long and 
fabricated of ceramic coated Inconel (Regis- 

10 tered Trade Mark) tubing. It was mounted 
in an array of 4 combustion tube furnaces. 
The catalyst charge for this reactor was 14 % 
actives of iron oxide-lithium oxide. The reac- 
tor bed temperature was monitored by use 

15 of an axial thermocouple. 

The mole feed ratios to this reactor were 
ethane-hydrogen chloride-oxygen-steam = 
1-2.3-1-6. Recycle ethylene dichloride was 
fed to the reactor at a position below the 

20 top of the catalyst charge. Maximum bed 
temperature was 620-630°C. 

The product stream from the main reac- 
tor was quenched, water washed and caustic 
scrubbed. Vinyl chloride and a trace of ethyl 

25 chloride were recovered by absorption in di- 
chloroethylene at 65 psia and — 14°Q 

The recycle ethylene stream was chlorina- 
ted to ethylene dichloride at an average tem- 
perature of 38°C at 58 psi using FeCl- 

30 dissolved in ethylene dichloride. Product was 
washed and then purified by distillation and 
recycled to the main reactor. 

Over a 22-hour test period, an 81% 
(average) yield of vinyl chloride from ethane 

35 was measured. 

Example 12 
The main reactor of Example 11 was used 
in an ethylene recycle process. Vinyl chlo- 
ride recovery was based on the same absorp- 
40 tion system. Feed ratios to the reactor were 
ethane-hydrogen chloride-oxygen-steam of 
1-2.4-1-8. 

The ethylene-containing gas was dried with 
calcium sulphate; dry hydrogen chloride was 

45 metered into this stream in 12% molar ex- 
cess. The gas mixture was compressed to 
230 psia and fed to a jacketed stainless steel 
reactor containing a catalyst of copper chlo- 
ride promoted with zinc chloride on an alu- 

50 mina support. The temperature in the reactor 
was maintained by condensing dichloro- 
benzene at 185°C. The pressure of the pro- 
duct stream was reduced; residual hydro- 
chloric acid was removed by water washing. 

55 The ethyl chloride was condensed and re- 
cycled to the main reactor. 

An average vinyl chloride yield of 78-/. 
from ethane was determined in a 34-hour 
run. 

60 Example 13 

Uranyl nitrate, UO s (NOb).-6B J 0 was 
decomposed thermally from the melt which 



contained 1/8" diameter silicon carbide pel- 
lets. The catalyst was heated to 475°C before 
being cooled. Gravimetric measurements indi- 65 
cated that the catalyst contained 17.3°/. 
actives. 

Example 14 
A vanadium oxide catalyst was prepared 
by evaporating a suspension of vanadium 70 
pentoxide on <r-alumina, 1/8" diameter. 

Example 15 
A chromia-magnesia catalyst was prepared 
from a chromium nitrate and magnesium 
oxide slurry and 1/8" diameter re-alumina 75 
particle (specific surface 9.2 m'/g). The 
slurry was evaporated to dryness while the 
catalyst particles were continuously stirred. 
The dried catalyst was heat treated at 700°C 
for IS hours before use. It analyzed 9.1°/. 80 
actives of a composition 827 Cr-CVlS 0 /. 
MgO. 

Example 16 
Two catalysts were prepared using aqueous 
solutions with a ratio of Al-C^rLi X) of 95:5. 85 
An Alundum support was used. M was Co 
or Ni. 

The catalysts of Examples 13-16 may be 
used to convert ethane to vinyl chloride in 
the manner described in Example 1. 90 

WHAT WE CLAIM IS: — 

1. A process for the catalytic conversion 
of ethane to vinyl chloride which comprises 
reacting a mixture of ethane, available chlo- 
rine and oxygen at a temperature between 95 
500 and 750°C. in the presence of added 
water and an oxidation catalyst, said avail- 
able chlorine being added in amount of at 
least one gram atom per mole of ethane and 

per mole of oxygen and said water being 100 
added in amount of at least 2 moles per mole 
of ethane. 

2. A process according to claim 1 in which 
said chlorine is added in the form of Cl 2 , 
HC1, ethylene dichloride or mixtures thereof. 105 

3. A process according to claim 1 or claim 
2, in which said oxygen is added in the form 
of air. 

4. A process according to any of the pre- 
ceeding claims in which the reaction is effec- no 
ted at a temperature between 550 and 675°C 

5. A process according to any of the pre- 
ceding claims in which ethylene contained 
in the reaction product is chlorinated to ethy- 
lene dichloride and the ethylene dichloride 115 
recycled to said reaction of ethane with the 
available chlorine and oxygen. 

6. A process according to any of claims 
1 to 4 in which ethylene in the reaction pro- 
duct is hydrochlorinated ethyl chloride, which 130 
is recycled to the reaction of ethane with 

the available chlorine and oxygen. 

7. A process according to any of the pre- 
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ceeding claims in which ethyl chloride is 
added to the reaction of ethane with the 
available chlorine and oaygen . 
S. A process according to any of the pre- 
5 ceding claims in which ibid oxygen is added 
in cmoiHrt of G.5-6 moles of ethane. 

9. A process according to any of the pro- 
ceeding claims in which ssid catalyst is 
promoted with inorganic comctnzjds of Ls, 

10 Na, K, Rb, G, f iis, Gi, Sr, Ka, Zn, Cd, B, 
In, P or TL 

10. A proems according to any of claims 
1 oi 8 in which said catalyst is an cnide of 
iron, cerium, manganese, uranium, vanadium, 

15 cobalt, chromium or nickel. 

11. A process according to any of ths pro- 
ceeding claims in wtuch catalyst is depo- 
sited on a carrier. 

12. A process according to dssm il in 



which said carrier is an ahsnmhsn ©side 
carrier. 

13. A process according to ony of rite pre- 
civdipg daims in which said catarya is pro- 
moted with lithium osdde. 

14. A process according to any of the 
proceeding claims for the catalytic cca version 
of ethane to vinyl chloride subaantialiy as 
herein described with reference to the 
Examples. 

15. Vinyl chloride produced by the proses 
of any of the preceeding claims. 

16. Ethylene produced by the process of 
sny of claims 1 to 4 or 6 to 14. 

ERIC POTTER & CLARKSON, 
Agents for the Applicants, 
317, High Ko&arn, 
Losdon, W.C.1. 
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